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DESCRIPTION 



E GR COOLER _ 

Technical Field 

The present invention relates to an EGR cooler 
attached to an EGR apparatus, which recirculates exhaust 
gas from a diesel engine to suppress generation of 
nitrogen oxides, so as to cool the exhaust gas to be 
recirculated . 

Background Art 

An EGR apparatus is known which recirculates part of 
exhaust gas from an engine in a vehicle or the like to the 
engine to suppress generation of nitrogen oxides. Some of 
such EGR apparatuses are equipped with, midway of an 
exhaust gas recirculation line to the engine, an EGR 
cooler for cooling the exhaust gas since cooling the 
exhaust gas to be recirculated to the engine will drop the 
temperature of and reduce the volume of the exhaust gas to 
lower the combustion temperature in the engine without 
substantial decrease of output of the engine, thereby 
effectively suppressing generation of nitrogen oxides. 
Known in this regard is, for example, JP 2001-74380 A. 

Figs. 1 and 2 are sectional views showing a first 



example of the above-mentioned EGR cooler in which 
reference numeral 1 denotes a cylindrical shell with axial 
opposite ends to which plates 2 are respectively fixed to 
close the ends of the shell 1 . A number of tubes 3 extend 
axially within the shell 1 and are penetratingly fixed at 
their opposite ends to the respective plates 2. 

Cooling water inlet and outlet 4 and 5 are attached 
to the shell 1 near one and the other end thereof, 
respectively, so that cooling water 9 is supplied via the 
inlet 4 into the shell 1, flows outside of the tubes 3 and 
is discharged out of the shell 1 from the outlet 5. 

The respective plates 2 have, on their sides away 
from the shell 1, bowl-shaped hoods 6 fixed to the plates 
2 so as to enclose end faces of the plates 2. The one and 
the other hoods 6 provide central gas inlet and outlet 7 
and 8, respectively, so that the exhaust gas 10 from the 
engine enters via the gas inlet 7 into the one hood 6, is 
cooled during passage through the tubes 3 by heat exchange 
with the cooling water 9 flowing outside of the tubes 3 
and is discharged from the gas outlet 8 to the other hood 
6 to be recirculated to the engine. In Fig. 1, reference 
letter x denotes axial extension line for the shell 1. 

However, such EGR cooler shown in the first example 
is disadvantageous in that the cooling water 9 supplied 
via the inlet 4 into the shell 1 nonuniformly flows to the 



outlet 5 with respect to internal cross section of the 
shell 1, so that the cooling water 9 may stagnate near 
corners on opposite sides of the inlet 4 and outlet 5 in 
the shell 1 as shown by a course 11 to generate cooling 
water stagnation zones 12, resulting in localized high 
temperature of and thus thermal deformation of the tubes 3 
near the stagnation zones 12. 

To overcome this, a second example of an EGR cooler 
as shown in Fig. 3 is provided which has a bypass conduit 
14 extending outside from the shell 1 , at a position 
diametrically opposite to the inlet 4, to the outlet 5. 
The conduit 14 drains part of the cooling water 9 having 
been introduced via the inlet 4 so as not to cause 
stagnation of the cooling water 9 and to prevent the 
stagnation zone 12 from being generated at the 
diametrically opposite position to the inlet 4, thereby 
suppressing any localized high temperature of the tubes 3. 

However, in the second example of the EGR cooler, 
arrangement of the bypass conduit 14 outside of the shell 
1 is disadvantageous in that it interferes with peripheral 
devices of the shell 1 to substantially lower mountability 
onto a vehicle. 

Thus, the invention was made in view of the above and 
has its object to provide an EGR cooler which prevents 
generation of cooling-water stagnation zones and improves 



its mountability onto a vehicle. 

Conventional EGR coolers include a third example. 
Known as such is, for example, JP 2000-213424 A. 

Fig. 4 is a sectional view showing the third example 
of an EGR cooler in which reference numeral 31 denotes a 
cylindrical shell with axially opposite ends to which 
plates 32 are respectively fixed to close the ends of the 
shell 31. A number of tubes 33 substantially of the same 
diameter extend axially within the shell 31 and are 
penetratingly fixed at their opposite ends to the 
respective plates 32. 

Cooling water inlet and outlet 34 and 35 are fixed 
from outside to the shell 31 near one and the other ends 
thereof, respectively, so that cooling water 39 is 
supplied via the inlet 34 into the shell 31 to flow 
outside of the tubes 33 and is discharged via the outlet 
35 outside of the shell 31. 

The respective plates 32 have, on their sides away 
from the shell 31, bowl-shaped hoods 36 fixed to the 
plates 32 so as to enclose end faces thereof. The one and 
the other hoods 36 provide central exhaust -gas inlet and 
outlet 37 and 38, respectively, so that exhaust gas 40 
from the engine enters via the inlet 37 into the one hood 
36, is cooled during passage through the tubes 33, by heat 
exchange with the cooling water 39 flowing outside of the 



tubes 33 and is discharged via the outlet 38 to the other 
hood 36 to be recirculated to the engine. 

In the figure, reference numeral 41 denotes a bypass 
outlet conduit which is arranged on the shell 31 at a 
position diametrically opposite to the inlet conduit 34 
and which drains part of the cooling water 39 to prevent 
stagnation of the cooling water 39 at the position 
opposite to the inlet conduit 34. 

The tubes 33 are arranged as shown in Fig. 5 such 
that the plural tubes 33 with the same diameter are at a 
constant pitch in the form of concentric circles about the 
axis O the shell 31, the peripheral tubes 33 being 
positioned along the shell 1 while a central tube 33a is 
positioned at an axis O of the shell 31. 

However, even with the third example of the EGR 
cooler having the tubes 33 arranged at the constant pitch 
in the form of concentric circles about the axis O of the 
shell 31, the hot exhaust gas 40 via the inlet 37 tends to 
flow more through the tubes 33 on the center side than 
through the tubes on the peripheral side, so that the 
tubes 33 on the center side may become higher temperature 
than those on the peripheral side, resulting in 
possibility of localized thermal deformation and 
deteriorated heat exchange efficiency. 

Thus, the invention was made in view of the above and 
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has its object to provide an EGR cooler in which tubes on 
the center side may be arranged to be effectively cooled. 

Summary of The Invention 

The invention is directed to an EGR cooler comprising 
tubes and a shell enclosing said tubes, cooling water 
being supplied into and discharged from said shell, 
exhaust gas being guided from a diesel engine into said 
tubes for thermal exchange of said exhaust gas with said 
cooling water, and wherein a bypass flow path for guiding 
the cooling water is arranged in said shell so as not to 
cause stagnation of the cooling water in said shell. The 
bypass flow path may comprise a bypass conduit; it may 
comprise an inner space of the shell formed by reducing 
the number of the tubes; and/or it may be formed by 
peripherally curving the shell. An outlet of the bypass 
flow path may be positioned within the cooling water 
outlet . 

Thus, the cooling water is guided via the bypass flow 
path so as not to cause stagnation of the cooling water in 
the shell and to prevent cooling water stagnation zones 
from being generated, thereby suppressing locally higher 
temperature of the tubes. Moreover, the bypass flow path 
arranged in the shell does not interfere with peripheral 
devices of the shell, thereby improving the mountability 
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onto a vehicle. When the bypass flow path comprises the 
bypass conduit, then the cooling water is accurately 
guided to prevent the water stagnation zones from being 
generated and positively suppress localized higher 
temperature of the tubes. When the bypass flow path 
comprises the inner space formed by reducing the number of 
the tubes, then the bypass flow path is simply formed to 
readily prevent stagnation of the cooling water and 
positively suppress localized higher temperature of the 
tubes. When the bypass flow path is formed by 
peripherally curving the shell, then the simple structure 
drastically reduces interference with peripheral devices 
of the shell, thereby readily improving the mountability 
onto a vehicle. When the outlet of the bypass flow path 
is arranged within the cooling water outlet, then the 
cooling water in the bypass flow path is sucked by 
negative pressure at the cooling water outlet so that the 
cooling water is further accurately guided to prevent 
stagnation of the cooling water, thereby further 
positively suppress locally higher temperature of the 
tubes . 

The invention is also directed to an EGR cooler 
comprising tubes and a shell enclosing said tubes, cooling 
water being supplied into and discharged from said shell, 
exhaust gas being guided from a diesel engine into said 



tubes for thermal exchange of said exhaust gas with said 
cooling water, and wherein the respective tubes are 
arranged in the form of multiple concentric circles about 
an axis of the shell, pitches between the tubes 
constituting the respective concentric circles being 
gradually increased from outer to inner ones of the 
circles . 

Thus, since the pitches between the tubes 
constituting the respective circles are gradually 
increased from outer to inner ones of the circles, cooling 
water supplied to the shell flows much around the tubes on 
the center side to effectively cool the same. As a result, 
localized thermal deformation can be prevented to improve 
the heat exchange efficiency even if the hot exhaust gas 
tends to flow much through the tubes on the center side. 

The invention is also directed to an EGR cooler 
comprising tubes and a shell enclosing said tubes, cooling 
water being supplied into and discharged from said shell, 
exhaust gas being guided from a diesel engine into said 
tubes for thermal exchange of said exhaust gas with said 
cooling water, and wherein the respective tubes are 
arranged in the form of multiple concentric circles about 
an axis of the shell, pitches between the respective 
multiple circles constituted by the tubes being gradually 
increased radially from the periphery to the axis of the 
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shell . 

Thus, since the pitches between the multiple circles 
are gradually increased radially from the periphery to the 
axis of the shell, the cooling water supplied to the shell 
flows much around the tubes on the center side to 
effectively cool the same. As a result, localized thermal 
deformation can be prevented to improve the heat exchange 
efficiency even if the hot exhaust gas tends to flow much 
through the tubes on the center side. 

The invention is also directed to an EGR cooler 
comprising tubes and a shell enclosing said tubes, cooling 
water being supplied into and discharged from said shell, 
exhaust gas being guided from a diesel engine into said 
tubes for thermal exchange of said exhaust gas with said 
cooling water, and wherein the respective tubes are 
arranged in the form of multiple concentric circles about 
an axis of the shell, pitches between the tubes 
constituting the respective circles being gradually 
increased from outer to inner ones of the circles, pitches 
between the multiple circles constituted by the tubes 
being gradually increased radially from the periphery to 
the axis of the shell. 

Thus, since the pitches between the tubes on the 
center side constituting the respective circles are 
gradually increased from the outer to inner ones of the 



circles and the pitches between the circles are also 
gradually increased from the periphery to the axis of the 
shell, the cooling water supplied to the shell flows much 
around the tubes on the center side to effectively cool 
the same. As a result, localized thermal deformation can 
be positively prevented to further improve the heat 
exchange efficiency even if the hot exhaust gas tends to 
flow much through the tubes on the center side. 

In this case, the central tube may be positioned at 
the axis of the shell with the pitch between the innermost 
circle of the tubes and the central tube being made 
greatest. Thus, since the pitch of the circle on the 
center side is great to the central tube through which 
exhaust gas flows most, the cooling water supplied to the 
shell flows much around the central tube to effectively 
cool the same. As a result, local thermal deformation can 
be positively and readily prevented to still further 
improve the heat exchange efficiency even if the hot 
exhaust gas tends to flow much through the central tube. 

Brief Description of the Drawings 

Fig. 1 is a sectional side elevation showing a first 
example of a conventional EGR cooler; 

Fig. 2 is a sectional view looking in the direction 
of arrows II in Fig. 1; 
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Fig. 3 is a sectional side elevation showing a second 
example of the conventional EGR cooler; 

Fig. 4 is a sectional elevation showing a third 
example of the conventional EGR cooler; 

Fig. 5 is a sectional view looking in the direction 
of arrows V in Fig . 4 ; 

Fig. 6 is a sectional side elevation showing a first 
embodiment of the invention; 

Fig. 7 is a sectional view looking in the direction 
of arrows VII in Fig. 6; 

Fig. 8 is a sectional view showing a second 
embodiment of the invention; 

Fig. 9 is a sectional view showing a third embodiment 
of the invention; 

Fig. 10 is a sectional view showing a fourth 
embodiment of the invention; 

Fig. 11 is a sectional view showing a fifth 
embodiment of the invention ; 

Fig. 12 is a sectional view showing a sixth 
embodiment of the invention; 

Fig. 13 is a schematic sectional view showing a 
seventh embodiment of the invention; 

Fig. 14 is a schematic sectional view showing an 
eighth embodiment of the invention; and 

Fig. 15 is a schematic sectional view showing a ninth 
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embodiment of the invention. 



Best Mode for Carrying Out the Invention 

Now, embodiments of the invention will be described 
in conjunction with the drawings. 

Figs. 6 and 7 show a first embodiment of the 
invention in which the parts similar to those in Figs. 1 
to 3 are designated by the same reference numerals. 

In an EGR cooler according to the first embodiment, 
the number of tubes 3 arranged in a shell 1 is reduced to 
provide a predetermined inner space 15 on an upper side 
within the shell 1 defined by an inner surface la of the 
shell 1, plates 2 and the tubes 3. In order to provide a 
bypass flow path for cooling water 9 in the space 15, a 
single bypass conduit 16 extends along the axis of the 
shell 1 and is fixed to the inner surface la of the shell 
1 by, for example, welding or brazing. 

The conduit 16 has a bypass inlet 16a formed at a 
position diametrically opposite to a cooling water inlet 4 
of the shell 1 and extends axially of the shell 1 as a 
bypass body 16b into a cooling water outlet 5 via a bent 
portion 16c to form a bypass outlet 16d midway of the 
outlet 5. Cross sectional area of the flow path in the 
conduit 16 is preferably set to 5-15% of a total cooling 
water content in accordance with flow analysis, actual 
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device test and the like , the inlet 16a being beveled to 
have an inlet area widened downwardly. 

Now, an operation of the first embodiment of an EGR 
cooler according to the invention will be described. 

When the cooling water 9 is supplied via the inlet 4 
into the shell 1 for heat exchange with exhaust gas 10, 
the water 9 flows via the inlet 4 into the shell 1 and is 
heat exchanged with the exhaust gas 10 through the tubes 3 
and is discharged from the outlet 5 while the cooling 
water 9 is suctioned into the conduit 16 due to the 
negative pressure at the outlet 5 , so that part of the 
cooling water 9 flows to a position diametrically opposite 
to the inlet 4. 

Thus, according to the first embodiment, the cooling 
water 9 is guided by the bypass flow path into the 
position diametrically opposite to the inlet 4 to thereby 
prevent stagnation of the cooling water 9 in the shell 1. 
Further , arrangement of the bypass flow path not outside 
of the shell 1 but within the shell 1 eliminates 
interference with peripheral devices of the shell 1 to 
improve mountability onto a vehicle. 

Since the bypass flow path is provided by the conduit 
16, the cooling water 9 is properly guided to positively 
prevent cooling water stagnation zones from generated. 
Since the bypass outlet 16d is arranged within the 
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cooling-water outlet 5, the cooling water 9 in the bypass 
flow path is sucked under negative pressure at the outlet 
5 to further properly guide the cooling water and further 
positively prevent generation of the cooling water 
stagnation zones. Since the cross sectional area of the 
flow path in the conduit 16 is set to 5-15 % of the total 
cooling water content, prevention of the cooling water 
stagnation zones and attainment of higher heat exchange 
efficiency can be made in a balanced manner. If the cross 
sectional area of the flow path in the conduit 16 is set 
to less than 5% of the total cooling water content, the 
cooling water stagnation zones cannot be suitably 
prevented. On the other hand, if the cross sectional area 
of the flow path in the conduit 16 is set to more than 15% 
of the total cooling water content, comfortable use cannot 
be attained due to decreased heat exchange efficiency. 

Figs. 8 and 9 show second and third embodiments of 
the invention, respectively, in which parts similar to 
those in Figs. 1 to 3 are represented by the same 
reference numerals . 

In an EGR cooler according to the second embodiment, 
the number of tubes 3 arranged in a shell 1 is reduced to 
provide a predetermined inner space 15 on the upper side 
within the shell 1 defined by an inner surface la of the 
shell 1, plates 2 and the tubes 3, a curved bypass member 
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17 being fixed to the inner surface la of the shell 1 by, 
for example, welding or brazing to provide a bypass 
conduit 19 along an axis of the shell 1 so as to provide a 
bypass flow path for cooling water 9 in the space 15. The 
bypass member 17 of the second embodiment is in the form 
of a groove extending along the axis of the shell 1, is V- 
shaped in vertical cross section as shown at 17a and is 
fixed at its upper ends or fixing portions 17b to the 
inner surface la of the shell 1 by, for example, welding 
or brazing. 

An EGR cooler according to the third embodiment is 
substantially similar to that in the second embodiment; 
the number of tubes 3 arranged in a shell 1 is reduced to 
provide a predetermined inner space 15 on the upper side 
within the shell 1 defined by an inner surface la of the 
shell 1, plates 2 and the tubes 3, a curved bypass member 

18 being fixed to the inner surface la of the shell 1 by, 
for example, welding or brazing to provide a bypass 
conduit 20 along an axis of the shell 1 so as to form a 
bypass flow path for cooling water 9 in the space 15. The 
bypass member 18 of the third embodiment is in the form of 
a groove extending along the axis of the shell 1 and has a 
base 18a and two sides 18b in vertical cross section, each 
of said two sides having a fixing portion 18c at its upper 
end which is fixed to the inner side la of the shell 1 by, 
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for example, welding or brazing. 

The bypass conduit 19 or 20 of the second or third 
embodiment , respectively , is substantially similar to that 
in the first embodiment and has a bypass inlet formed at a 
position diametrically opposite to a cooling water inlet 4 
of the shell 1 and extends axially of the shell 1 as a 
bypass body into a cooling water outlet 5 via a bent 
portion to form a bypass outlet midway of the outlet 5. 
Substantially as in the case of the first embodiment , 
cross sectional area of the flow path in the conduit 19 or 
20 is preferably set to 5-15% of a total cooling water 
content in accordance with flow analysis, actual device 
test and the like. 

Now, effects of the second or third embodiment of the 
invention will be described . 

In this manner, according to the second or third 
embodiment , the amount of members required for the bypass 
conduit 19 or 20 is reduced to provide it inexpensively. 
The second or third embodiment can obtain substantially 
the same effects and advantages as those in the first 
embodiment . 

Fig. 10 shows a fourth embodiment of the invention in 
which parts similar to those in Figs . 1 to 3 are 
designated by the same reference numerals. 

In an EGR cooler according to the fourth embodiment, 
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the number of tubes 3 arranged in a shell 1 is reduced to 
provide a predetermined inner space 15 on an upper side 
within the shell 1 defined by an inner surface la of the 
shell 1, plates 2 and the tubes 3, said space 15 serving 
as a bypass flow path for cooling water 9. Cross 
sectional area of the flow path in the bypass conduit is 
preferably set to 5-15% of a total cooling water content 
substantially as in the case of the first embodiment in 
accordance with flow analysis, actual device test and the 
like. 

Now, effects of the fourth embodiment of an EGR 
cooler according to the invention will be described. 

As shown in the fourth embodiment, when the inner 
space 15 of the shell 1 formed by reducing the number of 
the tubes 3 serves as a bypass flow path, the bypass flow 
path is readily provided to easily prevent generation of 
cooling water stagnation zones, positively suppressing 
localized high temperature of the tubes 3. The bypass 
flow path is provided further inexpensively since it is 
formed without members. According to the fourth 
embodiment, substantially the same effects and advantages 
as those in the first embodiment can be obtained. 

Figs. 11 and 12 show fifth and sixth embodiments of 
the invention, respectively in which the parts similar to 
those in Figs. 1 to 3 are designated by the same reference 
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numerals . 

In an EGR cooler according to the fifth embodiment, 
the number of tubes 3 arranged in a shell 1 is reduced to 
provide a predetermined inner space 15 on an upper side 
within the shell 1 defined by an inner surface la of the 
shell 1, plates 2 and the tubes 3 while an upper periphery 
lb of the shell 1 is curved upward along an axis of the 
shell 1 to expand the inner space 15 of the shell 1 , said 
space 15 serving as a bypass flow path for cooling water 9. 
Cross sectional area of the flow path in the bypass 
conduit is preferably set to 5-15% of a total cooling 
water content substantially as in the case of the first 
embodiment in accordance with flow analysis, actual device 
test and the like. 

In an EGR cooler according to the sixth embodiment, 
in order to form a bypass flow path in a predetermined 
inner space 15 of the fifth embodiment, a curved bypass 
member 21 is fixed to an inner surface la of a shell 1 by , 
for example, welding or brazing to provide a bypass 
conduit 22 along an axis of the shell 1. Substantially 
similarly to the bypass member 17 of the second embodiment, 
the bypass member 21 of the sixth embodiment is in the 
form of a groove extending along the axis of the shell 1, 
is V-shaped in vertical cross section as shown at 21a and 
is fixed at its upper ends or fixing portions 21b to the 
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inner surface la of the shell 1 by, for example, welding 
or brazing. Substantially similarly to that in the first 
embodiment, the bypass conduit 22 of the sixth embodiment 
has a bypass inlet formed at a position diametrically 
opposite to a cooling water inlet 4 of the shell 1 and 
extends axially of the shell 1 as a bypass body into a 
cooling water inlet 5 via a bent portion to form a bypass 
outlet midway of the outlet 5. Substantially as in the 
case of the first embodiment, cross sectional area of the 
flow path in the bypass conduit 22 is preferably set to 5- 
15% of a total cooling water content in accordance with 
flow analysis, actual device test and the like. 

Now, effects of the fifth and sixth embodiments of 
the invention will be described. 

As described in the fifth and sixth embodiments, a 
bypass flow path with the periphery lb of the shell 1 
curved simplifies its formation to significantly reduce 
interference with peripheral devices of the shell 1, 
readily improving mountability onto a vehicle. According 
to the fifth and sixth embodiments, effects and advantages 
substantially similar to those in the first embodiment can 
be obtained. 

It is to be understood that the EGR cooler of the 
invention is not limited to the above embodiments and that 
various changes and modifications may be made without 
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departing from the scope of the invention. For example, 
the number of pipes to be reduced is any; there are no 
particular limitations on the shape of a bypass flow path 
as long as it has predetermined cross sectional 
characteristic. 

Fig. 13 shows a seventh embodiment of the invention. 

In the seventh embodiment, a plurality of tubes 33 
with the same diameter are arranged in the form of 
concentric multiple circles about an axis O of a shell 31, 
the peripheral tubes 33 being positioned along the shell 
31 while a central tube 33a is positioned at the axis O of 
the shell 31. Pitches a, b and c between the tubes 
constituting the concentric multiple circles are gradually 
increased from outer to inner ones of the circles. 

The description will be given specifically on an 
occasion where the plural tubes 33 are arranged to provide 
triple circles around the central tube 33a. As shown in 
Fig. 13, a first pitch a between the tubes in the 
outermost circle, a second pitch b between the tubes in 
the second outer circle and a third pitch c between the 
tubes in the third outer circle are increased in the order 
named (a < b < c). The pitch a, b or c between the tubes 
means a distance between axes of adjacent tubes 33 
arranged in the form of circle. 

Thus, according to the seventh embodiment, the 
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pitches a, b and c between the tubes constituting the 
respective concentric circles are gradually increased from 
outer to inner ones of the circles, so that cooling water 
supplied to the shell 31 flows much around the tubes 33 
and 33a on the center side to efficiently cool the same. 
As a result, local thermal deformation can be prevented to 
improve the heat exchange efficiency even if the hot 
exhaust gas tends to flow much through the tubes 33 and 
33a on the center side. 

Fig. 14 shows an eighth embodiment of the invention. 

In the eighth embodiment, a plurality of tubes 33 
with the same diameter are arranged in the form of 
concentric multiple circles about an axis O of a shell 31, 
the peripheral tubes 33 being positioned along the shell 
31 while a central tube 33a is positioned at the axis O of 
the shell 31. Pitches a', b' and c 1 between the 
concentric multiple circles constituted by the tubes are 
gradually increased radially from the periphery to the 
axis of the shell 31. 

The description will be given specifically on an 
occasion where the plural tubes 33 are arranged to provide 
triple circles around the central tube 33a. As shown in 
Fig. 14, a first pitch a 1 between the outermost and second 
outer circles constituted by the tubes 33, a second pitch 
b' between the second and third outer circles constituted 
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by the tubes 33 and a third pitch c' between the third 
outer circle constituted by the tubes 33 and the central 
tube 33a are increased in the order named (a' < b" < c'). 
The pitch a', b' or c' between the circles means a 
distance between axes of adjacent tubes 33 radially of the 
shell 31. 

Thus, according to the eighth embodiment, the pitches 
a', b' and c' between the multiple circles constituted by 
the tubes are gradually increased radially from the 
periphery to the axis of the shell 31, so that cooling 
water supplied to the shell 31 flows much around the tubes 
33 and 33a on the center side to effectively cool the same. 
As a result, localized thermal deformation can be 
prevented to improve the heat exchange efficiency even if 
the hot exhaust gas tends to flow much through the tubes 
33 and 33a on the center side. 

With the central tube 33a being arranged at the axis 
of the shell 31, the pitch c' between the innermost circle 
and the central tube 33a is made greatest, with the pitch 
c" of the circle on the center side being great to the 
central tube 33a through which the exhaust gas flows most, 
so that the cooling water supplied to the shell flows much 
around the central tube 33a to efficiently cool the same. 
As a result, localized thermal deformation can be 
positively and readily prevented to still further improve 
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the heat exchange efficiency even if the hot exhaust gas 
tends to flow much through the central tube 33a, 

Fig. 15 shows a ninth embodiment of the invention. 

In the third embodiment, a plurality of tubes 33 with 
the same diameter are arranged in the form of concentric 
multiple circles about an axis O of a shell 31, the 
peripheral tubes 33 being positioned along the shell 31 
while a central tube 33a is positioned at the axis O of 
the shell 31. Pitches a, b and c between the tubes 
constituting the concentric multiple circles are gradually 
increased from outer to inner ones of the circles; pitches 
a', b' and c' between the concentric multiple circles 
constituted by the tubes are gradually increased radially 
from the periphery to the axis of the shell 31. 

The description will be given specifically on an 
occasion where the plural tubes 33 are arranged to provide 
triple circles around the central tube 33a. As shown in 
Fig. 15, a first pitch a between the tubes in the 
outermost circle, a second pitch b between the tubes in 
the second outer circle and a third pitch c between the 
tubes in the third outer circle are increased in the order 
named (a < b < c) . Further, a first pitch a 1 between the 
outermost and second outer circles constituted by the 
tubes 33, a second pitch b' between the second and third 
outer circles constituted by the tubes 33 and a third 
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pitch c 1 between the third outer circle constituted by the 
tubes 33 and the central tube 33a are increased in the 
order named (a 1 < b' <c'). In this connection, the pitch 
a, b or c between the tubes means, substantially similarly 
to the first embodiment, a distance between axes of 
adjacent tubes 33 arranged in the form of circle; the 
pitches a' , b' and c' between the circles means, 
substantially similarly to the second embodiment, a 
distance between axes of adjacent tubes 33 radially of the 
shell 31. 

Thus, according to the third embodiment, the pitches 
a, b and c between the tubes constituting the respective 
concentric circles are gradually increased from outer to 
inner ones of the circles; the pitches a', b' and c' 
between the multiple circles constituted by the tubes are 
gradually increased radially from the periphery to the 
axis of the shell 31. Thus, cooling water supplied to the 
shell 31 flows much around the central tube 33a to 
efficiently cool the same. As a result, localized thermal 
deformation can be positively prevented to further improve 
the heat exchange efficiency even if the hot exhaust gas 
tends to flow much through the central tubes 33a. 

With the central tube 33a being arranged at the axis 
of the shell 31, the pitch c' between the innermost circle 
and the central tube 33a is made largest; substantially 
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similarly to the second embodiment, the pitch c' of the 
circle on the center is great to the central tube 33a 
through which the exhaust gas flows most, so that the 
cooling water supplied to the shell flows much around the 
tubes 33 and 33a on the center side to efficiently cool 
the same. As a result, localized thermal deformation can 
be positively and readily prevented to further improve the 
heat exchange efficiency even if the hot exhaust gas tends 
to flow much through the tubes 33 and 33a on the center 
side . 

It is to be understood that the EGR cooler of the 
invention is not limited to the above embodiments and that 
various changes and modifications may be made without 
departing from the scope of the invention. For example, 
multiplicity in circles of the tubes arranged may be 
double or more than three. 

Industrial Applicability 

As is clear from the above, an EGR cooler according 
to the invention attached to an EGR apparatus, which 
recirculates exhaust gas from a diesel engine to suppress 
generation of nitrogen oxides , so as to cool the exhaust 
gas to be recirculated is suited to prevent generation of 
cooling water stagnation zones to improve mountability 
onto a vehicle as well as suited to effectively cool the 
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tubes on the center side. 



